objectives To assess a multicomponent intervention to improve private practitioners (PPs) involvement in referral of presumptive pulmonary TB (PTB) cases to the Revised National TB Control Programme (RNTCP) for sputum examination.
Introduction
In 2015, Asia accounted for 61% of the estimated 10.4 million new tuberculosis (TB) cases globally, with India leading the count [1] . A gap of 4.3 million was estimated between notified and estimated cases, due to underreporting and underdiagnosis. India was among the 10 countries accounting for 77% of the gap [1] . The Indian Revised National TB Control Programme (RNTCP), launched in 1997, is implemented mainly through public sector health facilities. However, the country has a large unregulated private sector and the first point of contact for health care for many patients are private providers (PPs) [2, 3] , where care is often substandard and inconsistent [4, 5] . Indiscriminate use of non-recommended TB diagnosis workup leads to considerable diagnostic and treatment delays [6, 7] . Patients often consult multiple providers before being correctly diagnosed, incurring high costs [8] . All this has catastrophic effects on TB control efforts.
Since 2006, India has been implementing the publicprivate mix strategy (PPM), recommended by World Health Organization (WHO), to engage PPs in TB care and control, but achievements remain far from complete [9, 10] . Despite the promise shown by PPM models [11] , *Co-first authors. their expansion in most settings is relatively limited. Furthermore, the evidence base of PPM effectiveness is considered rather weak [12] and several unknowns remain regarding initiatives to effectively and sustainably engage PPs [13] . In India, since 2012 it is mandatory for PPs to notify TB cases diagnosed outside RNTCP [14] but notifications remain low [15] .
Against this background, we developed and tested a multicomponent intervention to increase the involvement of allopathic PPs in the referral of presumptive pulmonary TB (PTB) cases to RNTCP and TB case notification in a South Indian district.
Materials and Methods

Setting
The study took place in Tumkur city (population 384 016), the headquarters of Tumkur district (population 2.7 million), Karnataka state, India. In the district, free quality sputum microscopy (Ziehl-Neelsen staining) is provided by 28 Designated Microscopic Centres (DMCs), part of the RNTCP laboratory network, each covering a population of around 100 000. Since April 2015, the District TB Centre has a GeneXpert machine. Patients either directly access government health facilities or are referred by PPs.
Design
We conducted a two-arm, randomised controlled trial: PPs were randomly allocated, blocking by speciality, to the intervention and control arms. The study ran from September 2014 to January 2016.
Participants
PPs were considered for inclusion if they were for-profit, allopathic, 'formal' (with an official medical degree), qualified as general practitioner (GP) or internist, surgeon, paediatrician or gynaecologist (deemed more likely to be consulted by chest symptomatics than other qualifications) and practising in a private solo clinic (providing outpatient care) and/or nursing home (health structure providing inpatient care, with nursing staff and a medical doctor in charge around the clock) in Tumkur city. PPs practising less than one day per week or employed by the government were excluded.
Before starting, a census of for-profit allopathic formal PPs practising in the city was carried out (April-September 2014), using GPS technology, by three trained RNTCP TB-Health Visitors and one research staff. A total of 316 PPs were identified. Information on qualification, sex, age, years of experience, involvement with RNTCP as directly observed treatment (DOT) provider, participation to an RNTCP sensitisation workshop conducted in March 2014 in the district (prior and unrelated to the study), affiliation to a medical college and average number of outpatient consultations/month were recorded.
Intervention
The design of the intervention was preceded by a phase of formative research. A quantitative study [10] explored the extent and nature of PPs collaboration in RNTCP in the district, and qualitative research [16, 17] involving TB patients, RNTCP staff and all types of PPs explored barriers to effective PPM and potential and possible ways to engage PPs. Based on the findings of the formative phase and together with the district TB office, a package of intervention activities was designed: one set of activities, started in September 2014, targeted general strengthening of RNTCP services; another set, started in October 2014, targeted exclusively the PPs in the intervention arm (Box 1].
No financial incentives were given to participating PPs. Activities were implemented by RNTCP staff, under supervision of the DTO, with technical assistance from the other investigators.
Outcomes
The main considered outcomes were proportion of PPs referring at least one presumptive PTB case to RNTCP ('referring PPs') and rate of referral of presumptive PTB cases per PP-year. Secondary outcomes were proportion of PPs notifying at least one TB case and rate of detection of bacteriologically confirmed PTB cases per PP-year. Power calculation indicated that a sample of 100 PPs per study arm would achieve a power of 84% to detect a six times higher referral rate in the intervention compared to the control arm, expecting a referral rate of two referrals per PP-year in the control arm [10] , at a significance level of 0.05, using a one-sided test. The same sample size would achieve 99% power to detect a two times difference in the proportion of referring PPs between the arms, expecting a proportion of 0.3 in the control arm [10] .
Data collection and analysis
Data on referrals and notifications from December 2014 to January 2016 (14 months) were extracted from the district's DMC and TB treatment registers and from referral and notification forms. Information on presumptive PTB cases examined at the DMCs, source of referral, sputum examination results, HIV testing and TB treatment outcome (for those opting for RNTCP treatment) were entered in a Microsoft Excel (2010) sheet monthly by a trained data entry operator. A presumptive PTB case referred by a PP was defined as a patient undergoing a diagnostic sputum examination, whose source of referral was a PPs' private practice, as recorded in the DMC registers.
The difference in proportion of referring PPs and median number of referrals per PP per year between the study arms, with 95% confidence interval (95% CI) (bootstrapped for medians), were calculated. Crude referral and PTB case-finding rates and crude and adjusted rate ratios (RR) with 95% CI were calculated with negative binomial regression. Analyses were performed using IBM SPSS Statistics Version 23.0.
Ethics
The institutional ethics committee of the Institute of Public Health, Bangalore, and the institutional review board of Institute of Tropical Medicine, Antwerp, Belgium, approved the study. The District TB Officer (DTO) invited the 94 intervention arm PPs to participate in the half-day training, prior to the start of the intervention, where their written consent to participate in the study was obtained. Consent from the 63 PPs who did not attend the initial training was obtained during individual visits to their clinics by the DTO to secure participation, communicate essential content of what was covered during the half-day training and provide study tools.
Trial registration
The study was registered in the Clinical Trial RegistryIndia (CTRI) under registration number CTRI/2017/09/ 009672.
Results
A total of 189 PPs were enrolled ( Figure 1) ; their median age (interquartile range) was 46 years (39-59); they had a median of 18 (8-28) years of experience; and 77% were males, 29% had participated in a previous RNTCP workshop, with no difference between the study arms. The proportion of DOT providers was higher in the intervention than in the control arm (20% vs. 11%).
During the study period, 836 presumptive PTB cases were referred by study PPs (830 for sputum smear microscopy, six for GeneXpert); 62% of these were male and 95% over 15 years old. Eleven (3%) of 323 individuals tested for HIV were positive.
The proportion of referring PPs was significantly higher in the intervention than in the control arm; stratifying by qualification, a statistically significant difference remained only among GPs ( showed the lowest figures. The median number of referrals per PP per year was significantly higher in the intervention than in the control arm (Table 2) . Stratified analysis showed a significant difference among GPs and internists only, who, in both arms, had a higher median number of referrals than other specialists. The referral rate per PP-year was nearly two times higher in the intervention than in the control arm; after stratification by qualification, the effect of the intervention remained only among GPs and internists (Table 3) . During the study period, 176 individuals referred by PPs were diagnosed with bacteriologically confirmed PTB. The PTB case-finding rate per PP-year was 1.7 times higher in the intervention than in the control arm; after stratification, the intervention showed an effect only among GPs and internists (Table 4) . No cases were found among referrals by gynaecologists. The proportion (95% CI) of bacteriologically confirmed PTB cases among referrals was higher in the control (26%, [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] than in the intervention arm (20%, [16] [17] [18] [19] [20] [21] [22] [23] , but this difference was not significant. Among the PTB cases, 129 (73%) started RNTCP TB treatment: 102 (79%) were cured, 6 (5%) completed treatment, 8 (6%) died, 7 (5%) were lost to follow-up, 4 (3%) failed, 1 (1%) shifted to MDR-TB treatment and 1 (1%) was not evaluated.
Study PPs' referrals contributed to 10% of the total yearly number of examinations at Tumkur city's DMCs and contributed to 20% of the smear-positive PTB cases detected by DMCs (Figure 2) .
Apart from this, there were 50 notifications from study PPs, of which 34 (68%) were PTB cases (which, on a yearly basis, would constitute roughly 3% of all PTB cases notified in Tumkur city's DMCs); all but one notification was from 12 intervention arm PPs, where two internists were responsible for 25 (50%).
Discussion
A multicomponent intervention integrated into the RNTCP was effective at improving the involvement of private GPs and internists in referral of presumptive PTB cases for sputum examination to RNTCP. Overall, surgeons, paediatricians and gynaecologists referred few patients. Only a minority of PPs, mostly in the intervention arm, notified TB cases. A strength of this study is the randomised controlled trial design. Despite the abundance of literature describing PPM programmes, robust empirical evidence of their effectiveness on programme outcomes is limited and encompassing mostly cross-sectional or longitudinal studies, many without controls and apparently none with a randomised design [18] . The intervention was designed from evidence gathered in the field, refined in consultation with stakeholders and was well integrated into the NTP, assuring sustainability. All eligible PPs were randomised, and all PPs allocated to the intervention group accepted to participate in the study, making it well representative.
A first study limitation, some would argue, is that, since all the intervention activities were implemented simultaneously and general RNTCP strengthening activities went hand in hand with activities targeted at intervention PPs, it was not possible to determine which particular activity was essential to obtain the observed effect. However, this is characteristic of (and even essential for) system-oriented interventions. Another limitation is that we focused on sputum examinations and did not systematically record referrals to RNTCP for chest X-ray or Mantoux test, possibly slightly underestimating the overall volume of PPs' referrals. Further, only formal forprofit allopathic PPs were included but, as in the rest of the country, the district's private sector is more diverse, including formal non-allopathic and informal practitioners who potentially may also be consulted by chest symptomatics. However, our earlier research [10] showed that in this urban setting, allopathic PPs constituted the vast majority and were the ones showing most potential for referral of presumptive TB cases, which justified their prioritisation. Also, some underreporting of PP referrals by laboratory technicians cannot be excluded (but there is no reason to assume that it would be differential).
Referred by intervention PPs
Referred by control PPs
Other patients Sputum smear examinations, n (%) 557 (8) 164 (2) 6087 (90) Smear-positiveTB cases, n (%) 98 (14) 42 ( Moreover, the number of patients reaching the DMCs could be lower than the number actually referred by PPs, but we could not assess this because of inconsistent use of referral slips by PPs. The implementation of the intervention was not without challenges. Building and maintaining reciprocal trust between PPs and RNTCP was a time-and resource-intensive endeavour, demanding strong and continuous commitment from the public sector. Also, over half of the intervention PPs did not participate in the initial training, which required ad hoc visits to their clinics by the DTO, to secure their participation and training. Repeat visits by one of the first authors (V.Y.) further served this purpose. Furthermore, during implementation, it appeared that day-to-day care of patients admitted by PPs in private nursing homes was often provided by duty doctors and head nurses, who were also often responsible for the actual execution of PPs' referrals to RNTCP so and an additional training for them had to be organised. Improving DMC accessibility by patients was only partially achieved: DMCs did expand their opening hours but signposts to the DMCs, although available, were not placed in all health facilities and maps were not consistently distributed by PPs to patients.
For a successful PPM, the first and foremost step is knowing the private sector landscape. Complete and updated information about PPs practising in Tumkur city was unavailable, and the PP census was time-and resource-intensive. However, it allowed us to know the absolute number of PPs and the use of GPS technology informed on their geographical distribution. Considering how dynamic is the private sector, periodic mapping updates are necessary. Synergy with other health programmes benefitting from knowledge of the private sector landscape could facilitate this exercise.
Most of the past reported successes of PPM have come from engagement with big hospitals and medical colleges [19] [20] [21] , which, in contrast to individual PPs, are deemed likely to yield a larger number of cases. We demonstrated that solo PPs can contribute to RNTCP. Some PPs appeared worth prioritising compared to others: GPs and internists had a higher volume of referrals, and the intervention was effective only among them. Overall, the intervention arm contributed to 14% of the bacteriologically confirmed PTB case detection and the impact of expansion of the intervention to the control arm, thus covering all eligible PPs in the city, could increase the yield to a quarter or so of all cases. This resonates an opinion piece from India arguing for the potential of solo PPs in PPM [22] . In Myanmar, the contribution of PPs to bacteriologically confirmed PTB case detection was 20% [23] . In Pakistan in 2015, solo GP clinics contributed 17% of the bacteriologically confirmed PTB cases detected in PPM facilities [24] .
The proportion of bacteriologically confirmed PTB cases among individuals referred by study PPs was high in both arms and 50% had grade 3 positive sputum, suggesting selective referrals. Whether there was PP delay in referral or patient's delay in seeking care cannot be ascertained, but the programme should encourage PPs to refer individuals with presumptive TB and not only cases or individuals with a high prior probability of TB.
There is growing experience in the use of digital technologies to support TB elimination, especially regarding improving treatment adherence and notification [25] . In this study, regular feedback about referred cases through SMS was used as a means to strengthen communication between PPs and RNTCP. Monthly visits and the assurance that PPs could retain their patients for further treatment if they wished, possibly gave them confidence and increased their motivation to refer. Only few PPs notified cases put on private treatment after diagnosis outside RNTCP. Raising awareness, collection of notification forms right at PP clinics and constant dialogue between RNTCP staff and PPs had no effect on notification in our study. Studies trying to understand the barriers to notification in India reported that not all PPs have fully understood the notification's rationale and that, although aware, many do not notify, the main reasons being lack of time, concerns regarding patients' confidentiality and lack of trust in the government health system [15, 26, 27] . Ensuring notification without legal backup seems difficult. A mix of collaboration and regulation might help. For example, the clinical establishment act [28] , setting the minimum standards for accrediting private health facilities, could be used as an enforcement tool.
A novel aspect of this study is the central role played by TB-Health Visitors in linking PPs and RNTCP, a strategy largely underexploited but that proved successful in a similar setting [29, 30] .These cadres are essentially outreach workers ensuring treatment adherence, who are expected to act as interface with the private sector but do not receive any formal training. In our study, TB-Health Visitors were trained on how to interact with PPs and, while establishing a trust relationship with them took time, it was eventually successful. Identification cards affiliating TB-Health Visitors to RNTCP also eased their access into PPs' health facilities and, not of less importance, gave them motivation. Notwithstanding, the role of the DTO was crucial for the partnership. He conducted ad hoc visits to PPs clinics and was always available on the phone to discuss cases. In the perspective of scale-up, this role could be shared with the Medical Officer-TB control and PPM coordinator, when available.
We successfully involved PPs without providing financial incentives. Provision of financial incentives for engaging PPs in PPM has been widely advocated and put in practice with varied results. Some argued this would jeopardise the partnership, prove unsustainable in the long run and be difficult to replicate [21, 31] . In Vietnam, financial incentives increased PPs referrals, but 58% of the referred cases defaulted before initiating treatment [32] . Financial incentives come with inherent challenges of record verification and transparency. In the absence of a strong regulatory mechanism in the country [33] , our approach was primarily based on building good relationship, strong communication and persuasion.
There have been suggestions to use local NGOs as public-private intermediary agencies (PPIAs) in PPM activities [34, 35] . There is a fair amount of information on PPIAs in different countries such as Bangladesh, Cambodia and India. But a pragmatic question to be answered is whether such human and financial resource-intensive approach is scalable with domestic funding. Rather, we suggest enhancing national TB programme (NTP) and general health system staff capacity to take up the function of intermediary agency. In our study, research activities were embedded within RNTCP and staff capacity was built by default. However, the DTO hesitated to formally involve PPs in the PPM schemes, because of limited funds under PPM. Further, the field staff expected additional funds for travel expenses to meet PPs, which was diverted from contingency funds available with DTO. It is necessary to ensure sufficient financial and human resources for setting up PPM schemes. Currently, these are not available [36] . The interaction between the private and public sector is limited also by conflicting interests and mutual mistrust [37, 38] . The fundamental question to be answered is whether the public sector is equipped to negotiate, build and sustain the relationship with the private sector. The public sector may not have full capacity and willingness to engage with the private sector, specifically when facing scarce resources and weak governance [39, 40] . However, PPM needs a strong and motivated public sector [41] .
Lastly, RNTCP lacks meaningful targets and indicators for PPM activities, especially regarding PPs, whose referrals are neither recorded nor reported [10] . Systematic monitoring and evaluation of PPM should be institutionalised.
In conclusion, a system-oriented intervention based on the establishment of a strong referral and communication system with PPs practising in solo clinics and nursing homes improved the involvement of GPs and internists in referral of presumptive PTB cases to RNTCP. This study, conducted in a routine programmatic setting, provides empirical evidence on how to use low-cost interventions built within NTPs and mobilise the potential of all its cadres, in order to increase the collaboration of PPs with the NTP. The model can be the first building block for the design of additional interventions to further improve the collaboration of formal allopathic PPs with RNTCP, as well as be extended with specifically tailored interventions to improve, if and where relevant and meaningful, the collaboration with non-allopathic and informal private providers. It could also inspire other health and disease control programmes and be adopted on a wider scale in general health systems. Based on the outcomes of this study, the intervention is now extended to the control arm PPs and rolled out and evaluated in a rural part of the same district [42] .
